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(54) NONAQUEOUS ELECTROLYTE SECONDARY 
BATTERY 

(57) Abstract: 

PROBLEM TO BE SOLVED: To improve productivity of a 
highly safe nonaqueous secondary battery provided with 
a high discharge voltage and an excellent 
charge-discharge cycle characteristic by forming a 
specific protecting layer on a negative electrode and/or a 
positive electrode. 

SOLUTION: A nonaqueous secondary battery is 
constructed of a positive electrode and a negative 
electrode, which contain materials plastically storing/ 
releasing lithium, a nonaqueous electrolyte containing 
lithium salt, and a separator, and in the negative electrode 
and/or the positive electrode, at least one protecting layer 
formed of solid particles and a water soluble polymer is 
formed. In the protecting layer, conductive particles may 
be contained in addition to the solid particles and the 
water soluble polymer. The thickness of the protecting 
layer is 1-40|xm desirably. An inorganic chalcogenide 




particle is feasible for the solid particle contained in the 
protecting layer. A polyacrylic derivative or a cellulose 
derivative is feasible for the water soluble polymer. For the 
conductive particle, a carbon ceo us compound, natural 
graphite, and vapor phase growth carbon are desirable in 
particular. 
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\^3^1 O'^mi^^JtoX^V . :i<D^^&{:i^t>'±XjEm 

fflait^tc. 0. 5-2fgO^^^;6^Jtrffll^^r 
0. 5-2mco»m^^^ttTfflv^^::^;65$f^u 

10 v\ 

[0 0 4 1 ] iEmi^^<Dv^^j>^^^^m:^^hAm 
t-y^^>^^»AbT*5<:©^. y^!^i^#t^jS^L.r 

fi. y^^A^JS. y^!>A^^ (A 1 , Al-Mn, 
A 1 -Mg. Al-Sn, Al-In, A \ ~ C d t ]) 

(D%mm^^\.x{tLm.^^xh^\^\ ^fz,^^^m(ot^ 

[0 0 4 2] mm'^m\^\^. mmm^^mmm'^y-cy- 
ixtffprT*>bi:v\ ii^. ^f^mm {tmkm^. m^^m 

^fe^v^(i;Ky :7^::^l/:/^2g<*:/^^(7)^SttWJN-^ 1 
30 ffi^fcti^tb^cD^l-g-^^ \^X^'^^^:Ltf)^X^^. 

(Dmm&\^^ 1-5 Ofift%;5S$?^b<. 4#t^2 — 3 0 
fiS%;6W^bl/\ — ^V^H&'-efi. 2-15fi» 

[0 0 4 3] ^^mm\^\^. mn. xa^^a.. xKye:::^/^ 
1=^"^. ^y t^^/^^T=^y K. Tffy tf:=^/i-t°n y k>^. 

h^:7/l^;^nrn^UV. 4^ y tf y x V. ^y^ 
>'^— Tjfy-^— (EPDM) . ;^/U4^WbE PDM, >^ 

fflfi. 1 — 5 0Sfii:%;i5jf^ b< . #(:i2 — 3 Ofiffl:% 
50 ^W*L.V^ :7^^-f^. fi?^$tbfcam^-*5l^T. it 
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[0 0 4 4] :i^^m(o^m^n^f^:^^^mmh\^^^^ 
sox:&.±x±m<7:>mm^mmvxm.t7i^h 

R?i^^1«R?i^T% :^t^fiO. 0 5 Mm:d^^>3 O/zmT- 
foi?. 0. 1 /zm;?f^e>2 O Mm;5W^bV\ MW 

bi6-5it^i-/<?t?"ib^?L^t^ 2 0%;i>^9 0%-e*><9. 
3 5%;^!^^ 8 0%;55J:J^ bV\ 

[0 0 4 6] ;*:BigcOirx^U— 5/imJiJl_hlO 
O /i m^^T^ <fc V $f * L < 1 0 /z m^Jt 8 0// m^T 

Omm'Vo^l^h<Dybm^l^<. UV>(7)fi3 0% 

i^A_h^tf t)CO-T?fc>5o =r.^U>^i^^(Dm^t\^X\^. y" 

t° 1/ ^^^fi'g'/K y 1/ V— y 7^ v^a-g^^^ y 

y :7"c t:*'L->', ^]):j:.^U>'t7i^^JAy^yit=^^U>'^ 

m'^mm\^x{¥<>fc^(ohui-'^\.^\ ^mM^mtm^. 

^fi-g^^y-^— . 7<f'/i-::^7":/*a'g'/^y-^ 
— ^ ni^i/v— /^/u-Oy^v^fi-^^y , /KyiT" 
nt-u^-, 7f.]) Ay yi\::=r.^u>mm^f)^htj:^h<D^)^ 
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[0 0 4 7] mmwtL.x\'^. ^m^mti^x. y^^'' 

— 7-:^'^n^^bV, 1, 2-v^7«h^''>^^ 
V, T^h^t: Kn:7^>', 2-^ 5^/1^7^ h y t K n :7 ^ 
V. v?p^^/u;^yur7;^-:^->H\ 1. 3 -v^;d-=^y 

hy^>^^/K b y 7< b=^v-7^^>. i^:^^yyl^mm 
20 yu}fu>:fy-:r.:^-hmmf^. Thy}:: h^r:2yy>m 

CIO4. LiBF4. LiPFe. L i C F, S 
C LiCFsCOa, LiAsFes LiSb 

Fe. L i Bioc 1,0. &m^mm:^^^^->'mv'^^ 

M., LiAlCl4. LiCK LiBr, Li I. ^ 

aa/K^vy ^r>A. my:^=='/^:^-^m])f''>J>^^j:t*<D 
l«^±Oit;^>ibm^^tLTV^^o ^J::^^Xh. >^nt*i/ 

(Om^m^ LiCFaSOa. LiClO. . LiBF 

tCL i B F4*3J:^J^/feSV^^^L i PF^^^^tpffi^^g 

mM%<D^&\^. WMW^X y :y Y/^^fz.^ 0. 2 — 3^ 
40 /l-;5^f^LV\ 

[0 0 4 8] ^yh. m^?gcDftii{c^^<^)it/^ig^«^Kt> 

^hflX^^^o ^<^t^Xh. L i , Li I , L i 6 N 
I2, LiaN-Lil-LiOH. LiSiO*. L 
iSi04-Li I-LiOH, xLi3P04- (1 

-x) L i 4 S i O4. L i 2 S i Ss. mtV >'{\1^ 

50 >^^-^-f h^mmm^mmmi^^^tj^^^V'^-. yf^vy 
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[0 0 4 9] -^y<\y-^-tL^X\t^ X^^J:-^ :t>mM 
if CO 1/ :7 ^ V ^ 4^ y — J> ^ V ^ ( i ;^ ^ ;^ S 1/ ^ 

V^^>^^^ffilS^5^V^f5tl.So ^Jx.t^. 0. 0 1 1 0 M 
/-/i-r^>'^ ^<^^-^/K :^^U>i^T n- 

W5::/^if£|-. N-B^fe;<^^i^:/y 

/K Alci,. 2g®:tt^y-^-S®?S^^S<7)^y-^ 
h y ^f^uv/^;;^7}^/uT5: h\ h ]) T/i-^/u^:^y 

^ V, ^/u:7;^- y ;^;/U7j^:=^/i^S^«For y -Mt^ 
-^=^1^7t^/^-^;^x^^y y^jt^ vtA-r/v^ 

6 2-2 8 7, 5 8 0) . Bg^4^^7^=- A^g, H^;^ 
[0 0 5 0] ^fc. iS^^R^^^fitr-rS/ci^t^^^Nt:^ 

[0 0 5 1 ] iEMm<Dmmi^t ltj^. m^^ivtcmm 
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fi. >^;^--</ucoflii. y^jUM.^ iy—h^ ^^yh^ ^^i^^f- 
~5 0 0 // mC?;>t>^0;6SfflV^ibtvSo 

(D^m\^-<i-^y h<Dmm^j^m^tix^{cm\^^hiri^o 

20 ir;«»5T#So ^<^/ce;e»^T-t>:?^'i/- -T^ ^^RXf:^ 
i^:^h/\-—i^a>i^mj^L^^^\ mmt^ 0. 1 — 10 

^^JO^^Sil^tt. ^^ttt^-grt^-^T. ±IS^;fli*^<Jrjl 
^-rsr i:tc:J:«9. SiJ^^c^m^gtO^ffii^ffi^ttS ^ i: 

m^infcikmX\ l-2 0 0 0Mm;5S4#(;i$f^bV\ 
30 [0 0 5 3] h'^iy—h(D^f^X\^Bi7K^^t b 

So m^. mm. m^. m^m. iMm^m. m^mRv^ 
i&mm^mnh^\^^itm^'^t:>'±xm\^^^:i tmi-^ u 

V\ MSfiS 0~3 5 0^co®IS;65$?*L<. m^l 0 
0 — 2 5 0^(^ffiH;55iE^^ ^TKSti. 

2 0 0 0 p p murmi-^ u < . iEt^-g^^ftj. i^m^m^ 

mmnx\^^th^'th5 0 0 p pm^T(--rsr i:;iS-y-^ 

:/l/;^IEf*. ^^#^;lPS^^n^feV^;^^^ 0. 2-3 t/ 
0. 1-5 Om/5>:a5*f*L.<. >^l/;^MSti^?a-2 
0. 9 — 1. l;5W^b<. 0. 9 5-1. 0/55 

T*^So 

50 [0 0 5 4] g^'&^Ji/— h ir-fe^^u— ^ — 4:^LTfi;Jsi 



17 

^JirbTfi. LijCOa. LiHCO,. Na^CO 
3, NaHCC CaCC M g C O, t*COi@^^ 

[0 0 5 5] te-^y-Ktst*. m^^B^tt^t>o^M^ 

5ri:;$5x*#5o tfP^v-^/i-^fiJfi. T;^y^r/i-h?'cf^* 
[0 0 5 6] ;^^0>g(Z)^7kz:^^«*(7)^j^(^ti. 

LT. nwiM. mwj*r^. mm^^. 5cA. 

[0 0 5 7] 
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[0 0 5 8 J ^^m- 1 

-^{t:®i3. 5 g . -gefh:^^ 3 . eg.^m-^^;^^ 
i/^7i.o. 6 4 g. ^ft:f5 9^0. esg^^^^-g- 

/^Xl 0 0 0*C^T#mLfCo. 1 2 0 0t:T*l OB^PfH 

^fifeuyhf^. 1 ot:/^>-r*^M{:i*T*^ML. mm.^^ 

'9ffii'9mLX. rtb^ft^&^L. ^^t^v^:^-;/ h ^/u-e 
ifi&i^L. ¥±&1nA^4. 5 M mCOS n S i o.6Mga2 B 
10 0.2O2.T (it'&^l-A) ^^#fCo -^ti. CuKa^ 

4 0° i^±7 0° ^Tt-t*«SfBti<^[H]tJf^f*ae>tb/cf;6^ 
[0 0 5 9] i^^tco:&feT% -^n^^tbYt^^S^StT^/^ilsi- 

^m^. m^. rle(7>^^:'g•4^^^#;^Co sns i 

0.8 M g 0.2 O2.8 ( 1 — B ) ^ S n S i 0.6 A 1 0.2 
Mgo.202.7 (1-C). S n S i 0.6 Po.2Mg 
0.2 O2.9 (1— D) . S n S i 0.6 A 1 0.1 B0.2M 
20 go.i O2.76 ( 1 — E) , S n S io.6 P0.1 B0.1M 
go.s02.7 (1 - F) o 

[0 0 6 0] mmm- 1 

ffli/^r. ■^:h.^8 SBfto/o^ j|yS>H-4^lli&6Sft%coS>J-g^ 
%4^J:U^g^^y ^^Aifift%^All^. 7k^jSafr<bbT 

mm\^x:^'7V-^{'^m\.tio i s ^ 

30 :ftf^a^{^ofco :©1^b*i. :affia(7:)±{^. a -a 
T^i:«iLT;^y ywi^bfct><^^^*bT{^j5!c;b/cio 

A<lv— h a 7 8 M Al^v-" h b 1 0 0 mX* 
h-otco lEmUntL^X. L i Co02^8 7fift%. 
P;t<^m'6m4%. rir^l/V:/'^:y^ 3Sffi%. $ 

3fiffl%<^xKy TiJ' v/i^m-r h y "^jMaft^/o^Mx.. 

IE<la^f^oyh, lEtlbfi. jE<^aCO_hf;i, a-AU 

05 (^i^S^lMm) 9 7||ffi%. ;^/i-xK^->'y ^/u 
ir/Un-j:^3fiS%<:0tiJ'g^T*^ii'^L. i^^m^t\.Xm 
j^LT:^^ y-{l:L/ct>(D^^*LT{^^L:^Co rix^? 
(^jEII. a. b^^j^. ^^fLiEi^v'- 

a. b^Srf^o/^Co iEl^v— lEl^v— ha;d5 
50 2 5 0 // lEl^v-— h b 2 6 5 /z mt^fcoTto 
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[0 0 6 2] mmm— 2 

mmm KommA^ B^f^cs^&^^tt-^^tta 0 oe-^ 
of^ML. 4. 1 5 v^r'^mL.fco ^m^Siommco 

[0 0 6 3] mmm— 3 

mMm—ixm\^^ti'^mum~A(7)^^t:^y){::i^ i-b 

iJ-4 

ij- 1 cDMmiy— h b tlEmiy— h a ^ffl^'&t?^ 
m^^^^Xi^— hm2 so fimt L/cIE<^v— h c t 

Mmiy—h a t^m^^io'^xmmr^^i'^ofco rtL^> 
(^)m?&c. D^fflv^T. mmm-i tmm^m^^no 

1 8 8 8 9 

2 8 7 8 9 



* ty^Co 1 L^yt*? L i PFe <L: L i B F4^#^ 0. 9 

5. 0. 0 5mo Mmf>^^i^^:y:^—^-^— 

2) ^;?/;^>>-:yh (13) UT;^^ Li^TRf^Mm^fe 
^SrftMbfc. fj::^. iE<^«^ (12) tilEl^v-- h 

(8) i:. mmm (id f^^Sv^-h (9) <tfofe;i»^ 

ffi^;^u:^Co ?:^ib\ (14) \^^±^x^^o nmA 
10 (itggffl) <^®?&B (:^mm) i^^n^^tii om-^-^i'f 

^b. lmA/cm'-C4. 1 5 V ^-C^ffl; Lfcft. 6 0 

) mmB (:^mM<Dmm) 

4. 12 
4. 10 
4.0 8 
4. 0 9 
4.11 
4.13 
4.11 
4. 0 8 
4 . 0 9 
4.11 

1 <DMB a OJttc:. a - Aha (¥:^^^ 1 M 

9 4fiffl:%. 3 Sl:%. :^/^=^^^>-;^^ 

/i^ir/un— ;^3fi»%0DfTl^-e^'g^b. Tk^iS*^ bT 

br ^ y V —it L.fch(D^m^ i^xi^m i.r-h<^^ 
^mctL^r^o Mm^>-hizo^mm'r^si^\'xmmB 

1 tmm^<^:^^^mhivr:L^ 

~ 6 

~ 1 (7)^m a COJttCl. a -ALa (^A&^^^ 1 M 
m) 9 4. 5fift%. y :7:y>ft:trri.y f=V4. 5 aft 

b. 7i<^^m»ti.xm:mi^xy^'7D-{ti.fc'h<D^mm 
i.xi^mi^tih<D^^md ti.f:io Mmiy-h\^d^m 
m-th&.m'immB t mm{zi¥m i^r-mm^ f t b^t. 
m^m-i<DmmB^ mMm~5(ommE.^ mmp^t 

th^^th 1 0 m^^i¥M b. 4 . 15-2. 8 vx%m b 
<t t 5mA/cm' -T?(^0c^Wfi:i: 1 mA/cm' T'(7>*Jc®W 

m^m'^i^i^(D^^^^ntCo m'p(OMcmmm\tmmB<D 
m^m^ 1 0 o^/otvrzt^(Dm^x7jki.fCo 
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< , 5 mA/cm' (DWMM^/ 1 mA/cm' 
^iS^J-7 

^Jfe^J- 1 CO^ai^a CO^ir, a -AI2O3 (^ASil^^^ 1 

h c mi'^W-y— V d Ji{cAl^Wi|sf 1 g3/ci9 1 20 mg 
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SmA/ctf (Z>ffiflSfi/ 1 mA/cm* <Dj&«Sa 



1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0 



8 8 
8 9 
8 8 
8 8 
8 9 
8 9 
8 8 

8 8 

9 0 
8 9 



1 mA/ctf CDttW^fi^i^ 10 0 



8 0 

8 1 

8 0 

7 9 

7 7 

7 8 

7 8 

8 0 

7 9 

8 0 
7 5 



* < . 5 mA/cm' (DWi^M^/ 1 mA/cm' (^>Scm^fl: 
[0 0 6 4] 

u^T. AliRt>VXt*iEfiiJ-ia<*:3(^^<^7K^i4^y '^- 
[Hill %mm\^^m\^fz.nw\m.mM.(Dm^m^7f^\^frL 
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